Pheasants were introduced in Illinois shortly before 1900, and rapid increases in distribution and abundance occurred from the 1920s to 1942 (Robertson 1958 ). Pheasants were not considered a factor in the decline of prairiechickens in southern Illinois prior to establishment of pheasants in Jasper County (Yeatter 1943 (Yeatter , 1963 . Pheasants were few and interactions with prairie-chickens were not evident during the early development (1962-69) of sanctuaries for prairie-chickens in Jasper and Marion counties (Westemeier 1973) . By 1970, however, pheasants occasionally were observed in aggressive interactions with prairie-chicken cocks on booming grounds and were parasitizing prairie-chicken nests (Vance and Weste-854 meier 1979). By 1981, pheasant densities on sanctuaries in Jasper County (8 cocks/km2) were about 40 times the density of pheasants on adjacent private land (Westemeier 1984) . By spring 1993, only 2 flocks totaling about 50 prairie-chickens were found on or near 2 clusters of grassland sanctuaries. Translocations of prairie-chickens from Minnesota, Kansas, and Nebraska began in August 1992 to enhance the genetic and demographic potential of the remaining prairie-chickens in Illinois (Westemeier and Jansen 1995).
Our purpose is to describe trends in rates and effects of parasitism by pheasants on prairiechicken nests before, during, and after efforts to reduce pheasant abundance on prairie-chicken sanctuaries in Illinois. Specifically, we related indices of pheasant and prairie-chicken abundance to rates of nest parasitism and compared nest success, clutch size, fertile eggs per clutch, egg fertility, egg success, hatchability of fertile eggs, and embryo mortality between parasitized and unparasitized prairie-chicken nests.
STUDY AREA
The primary study area near Bogota, Jasper County, Illinois, consisted of private farmland and 9 managed grassland tracts (sanctuaries) in 9 adjoining sections of land (Fig. 1) 
METHODS

Population Monitoring and Pheasant Control
Booming ground surveys followed methods described by Hamerstrom and Hamerstrom (1973) and were conducted on an 83-km2 block encompassing the sanctuaries (Westemeier 1988 To determine egg success for parasitized nests, we included prairie-chicken eggs that were incubated long enough to hatch pheasants (-23 days). To assess mortality and estimate age at death, dead embryos were excised from intact eggs of prairie-chickens and pheasants and aged using a guide by Labisky and Opsahl (1958) . Sample sizes for determining incubated clutch size, egg fertility, egg success (hatched eggs/total eggs), hatchability (hatched eggs/fertile eggs), and embryo mortality (dead embryos/ incubated fertile eggs) depended on the condition of egg contents and shell remains when nests were discovered. We emphasized hatchability because egg fertility needed to be considered as a possible bias in comparing parasitized and unparasitized clutches.
Data Analyses
We hypothesized that rates of nest parasitism would correlate with numbers or densities of pheasant cocks, with prairie-chicken cocks, or with numbers or densities of nests of each species. To determine which variables had the strongest associations, we calculated Pearson's correlation coefficients (Zar 1984 Because data on nest success were not normally distributed, we used nonparametric statistics to test the following hypotheses: (1) success, depredation, and abandonment of prairiechicken nests were independent of parasitism by pheasants; and (2) nests with -3 parasitic pheasant eggs were no more successful than nests with >3 parasitic pheasant eggs. First, we used Fisher's exact tests (1 df for all; Mehta and Patel 1995) to assess differences in nest success between managed (pheasant eggs removed prior to hatching) and unmanaged (pheasant eggs not removed) parasitized nests. When differences existed, we deleted managed nests from the sample and ran separate analyses to compare unmanaged parasitized nests with unparasitized nests. We then used Fisher's exact test to compare rates of depredation and abandonment. To evaluate differences between parasitized and unparasitized nests in clutch size, egg fertility, egg success, hatchability of fertile eggs, and embryo mortality, we used a normal approximation to the Mann-Whitney test with Zvalues for continuous distributions and critical values for the t-distribution (Zar 1984) . We also used Mann-Whitney exact tests (Mehta and Patel 1995) to assess differences in egg success, hatchability of fertile eggs, and embryo mortality between managed and unmanaged clutches. Removal of pheasant eggs from parasitized prairie-chicken nests by investigators did not bias clutch size or egg fertility, because our interventions occurred after these parameters were determined. We used the Kolmogorov-Smimov (K-S) goodness-of-fit test for ordinal data (Zar 1984 ; dmax test statistic) to determine if embryo mortality of prairie-chickens was uniformly distributed among 5-day age classes during embryo development of unparasitized (undisturbed, disturbed) and parasitized (unmanaged, managed) nests. For all tests, significance was assumed when P < 0.05. All means are reported + standard error. 
RESULTS
Incidence of Nest
Success of Parasitized Prairie-Chicken Nests
During 4 years (1983, 1985-87), success of parasitized nests managed by removal of pheasant eggs (86%; n = 14) was greater (Fisher's exact test = 5.86, P = 0.02) than for unmanaged parasitized nests (46%; n = 24). When managed nests were excluded, success of parasitized (43%) and unparasitized (51%) nests did not differ (Fisher's exact test = 1.28, P = 0.28; Table 1). However, the 26 unmanaged successful nests included 21 that hatched both prairiechickens and pheasants and resulted in mixed broods. Five unmanaged parasitized nests incubated sufficiently to hatch pheasants were not considered successful, because prairie-chicken eggs with developing embryos were abandoned. Unmanaged parasitized prairie-chicken nests with 1-3 parasitic pheasant eggs were more successful (51%; Fisher's exact test: 4.39, P = 0.04) than unmanaged parasitized nests with 4-11 parasitic eggs (20%; Table 1 ).
Nest losses due to predation were similar (Fisher's exact test: 0.02, P = 1.00) between unparasitized and unmanaged parasitized clutches (Table 1) . However, minimum rates of abandonment differed between unparasitized (7%) and unmanaged parasitized (15%) nests (Fisher's exact test: 5.04, P = 0.03).
Prairie-Chicken Eggs in Parasitized Nests
Mean clutch size of host eggs in incubated prairie-chicken nests was greater (P < 0.001) among parasitized versus unparasitized nests ( Table 2) . As expected, the mean number of fertile prairie-chicken eggs in parasitized clutches also was larger than in unparasitized clutches. However, percent fertility was similar for prairie-chicken eggs in unparasitized and parasitized nests. Further, clutch size of prairie-chicken eggs was not correlated (r33 = 0.16, P = 0.37) with numbers of pheasant eggs in parasitized clutches. To evaluate overall egg success and hatchability of fertile eggs, managed and unmanaged parasitized nests were combined to compare with unparasitized nests because no differences could be attributed to management (egg success: U = 45.5, P = 0.79; hatchability: U = 32.0, P = 0.94). Sufficient data then were available to determine egg success for 30 prairie-chicken nests (Table 2 ). These data included eggs from 26 nests in which 2-14 prairie-chickens hatched, and 4 nests in which only pheasants hatched. Percent success of host eggs was lower (P < 0.001) in parasitized nests than in unparasitized nests (Table 2) . Similarly, percent hatchability of fertile host eggs also was lower (P < 0.003) in parasitized nests than in unparasitized nests.
Embryo Mortality
The ratio of dead embryos to incubated fertile eggs did not differ (U = 39.0, P = 0.71) between successful prairie-chicken nests from which parasitic pheasant eggs had been removed (16%; n = 12) and those from which pheasant eggs were not removed (17%; n = 12). Thus, managed and unmanaged parasitized nests again were combined. When data were used from successful clutches in which embryos from unhatched eggs could be clearly identified, embryo mortality in 23 parasitized nests was 3.4 times that in 77 unparasitized nests (P < 0.01; Table 2 ).
Timing of Embryo Mortality
Mortality was not uniformly distributed (K-S 10.2, P < 0.001) among age classes for 151 dead prairie-chicken embryos suitable for aging (Table 3) . Most (66%) embryos died within 5 days of expected hatching time, especially in parasitized nests from which pheasant eggs had not been removed (K-S = 59.6, P < 0.001). No departures from a uniform distribution of embryo mortality were detected among unparasitized nests from which hens were flushed to check for pheasant eggs (K-S = 2.6, P > 0.50), or among nests where pheasant eggs were removed (K-S = 5.8, P > 0.50). Most (62-65%) of the 47 dead embryos found in disturbed nests died before we flushed incubating hens, suggesting causative factors other than investigator disturbance. We found 1 clutch containing the shell of a hatched pheasant egg and 13 unhatched prairiechicken eggs, 10 of which had pipped. There were -4 instances in which parasitized clutches of 12-13 prairie-chicken eggs with full-term embryos were abandoned, apparently because host hens left their nests with pheasant chicks that had already hatched.
DISCUSSION
Incidence of Nest Parasitism
After 7 years with no observed nest parasitism at Bogota, the incidence of parasitism increased gradually during 1970-87 and peaked at 43% in 1983. In 3 of these years, 60% of nests were parasitized in the core of the study area. No parasitism was observed during 7 years (1988-94) when pheasants were controlled, but prairie-chicken numbers continued the decline that began in 1973. Rates of parasitism probably would have reached higher levels without the pheasant control initiated in 1986 (Westemeier 1988 ). Parasitism of prairie-chicken nests was positively correlated with numbers of pheasant cocks and nests; correlations between rates of nest parasitism and numbers of prairie-chicken cocks and nests counted during the following spring were negative. From 32 to 62% (r2 values) of the variation in nest parasitism was associated with measures of pheasant abundance.
The incidence of parasitism by pheasants on prairie-chicken nests probably reflects the dependence of both species on limited nesting habitat (Westemeier 1973 , Vance and Westemeier 1979 , Westemeier 1988 , and the tendency of pheasants to drop eggs, dump nest (Buss et al. 1951 , Stokes 1954 , and parasitize nests of an array of ground-nesting birds (Kimmel 1988) . The generality of our results is difficult to assess; however, aggressive interactions between these species were reported in the Nebraska Sandhills (Sharp 1957) Nest parasitism by pheasants may be minimal whenever pheasant densities are low. On Illinois sanctuaries during the 12 years 1969-80, for example, the average rate of nest parasitism was low (3%) when densities of pheasants averaged 5 cocks/km2 of sanctuary grassland, and densities of pheasant nests averaged 0.5/10 ha (Fig.  2) . Such levels of pheasant abundance may be the maximum allowable for management of Illinois prairie-chicken sanctuaries. In contrast, parasitism averaged 29% during 1981-87 when pheasant densities on or near sanctuary grasslands averaged 10 cocks/km2 and 1.9 nests/10 ha.
Reduced Productivity Resulting From Parasitism
The high success (86%) among 14 prairiechicken nests from which pheasants eggs were removed prior to hatching suggests more of the 60 unmanaged nests would have been successful had they not been parasitized. Such intensive management is impractical on a large scale and was not effective for decreasing embryo mortality. Thus, success of parasitized nests, defined as -1 host egg hatching, may have limited relevance to sustaining a wild population if hatchability of fertile eggs in parasitized clutches is less than in unparasitized nests. Among the 43 nests in which >1 prairie-chicken or pheasant hatched, parasitism reduced hatchability and egg success by 18-27%. These were conservative "best-case" estimates because calculations excluded nests with uncertain numbers of eggs and those containing eggs with contents too decomposed to reliably assess fertility. For example, hatchability may have been <77% (Table 2) 
